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FIG. 2 
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FIG. 4 
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U>>V VOLTAGE ELECTRON BEAM SVSl^ f^^^ 

u Ktec: ,u ^.rf. 30 The detecdon efficiencies of this airangcmcnt uc still 

nus invention was supported in P«t„^y NfF *rou^ uss S'an^ti=>«l- however, due to the large disunce 

CPMA under contract number DMR-9400354 and by l^*^*^"^fbulty detector and the sample. 

through the Office of Naval Research under contract s ^ ^ fi^d appfoad.. the 

^ H0(»14-94-J-1996.'n.e U.S. Government has cer- .^^^^^^^aing potential sotSTmebe^ 

tain righu in the inventioo. reiMins focused at high energies until just before it reaches 

FIELD OF THE INVENTION the surface. Although this technique provides a sy'^e" J'J^ 

HELD Ol- I im UN w aberration, large field intensities on the sainple surface 

This invention relates generally to electron beam systems^ Z, cause damage to the sample. Moreover, the stirf ace 
particularly, it reUtes to low-voltage electron beam of the sample introduces unwanted distortion to 

systems and low-voltage electron microscopy. threlecttic field, causing defamations to the beam and 

a pteiaiy electron beam 22. The beam 22 passes through a ^ .„ additional retarding 

Lndens^ lens 24, a spray aperture 26. scanning cods 28 ^^y ^maU aperture very close to the «mplc 34 »<> *»t*e 

Sve lens 30. and objective aperture 32. The focused ^ ^ ^^^^ „ 4, ftji retarding field. Acctmhng 

be«n 22 then impacts a sample 34 wUch « posi- calculations, a system 

K^ipon a miaosoope stage 36. Secondary ^<^l3i ^ topography beam ^stortot. 'S^-^^ 

emitted Zm the surface of sample 34 are then coU«t^at ^^^^^ ^ ^„ r«arding ^^^^'^^ 

a detector 40 which produces a signal dependent upon suffers from very poor detector effiaency. because the buUQ^ 

properties of the sample 34. sudi as its surface topography. ^ ^^^^^ positioned far from the sample and detects only 

^detector 40 is typically a sdntiUator-photomultjphei ^ fracUon of the secondary electrons. 

""^hTSr'bcam 22 impacts sample 34. some sec SUMMARY OF THE INVENnON 

ondaiy electrons 3» arc emitted from the sample. Other Accordingly, it is a primary object of the piesenl invention 

fora/of scattering also take place. The rdauve amounts of 30 ^ dcctron beam system that has electron beam 

these different foims of scattering dq)ends. in part, on tte ^^^^ ^j^^^ eV whfle maintaimng high 

energy of the primary beam. As shown in FIG. zjme ^^^^^^^^ detector efficiency, 

secondary electron yield for very '°'»' , an electron beam system comprises an electron 

inaeases roughly lineariy with energy. As the «^ »«W soS» which generates ahigh energy (over 10 keV) primary 

increases, however, the secondary dectron yield read^a 35 ^^j"^^^ anl«* toward a material 

maximum and then decreases as other forms of scattmng electton Mam ^^^^^ ^^^^objective lens unU is p<«.- 

begln to dominate. . "Ti ^^j^. ^ beam axis within a few millimetets of the 

Because conventional SEMs operate at relatively high into the lens unit is a very compact (less than 

voltages, ttie primary beam electrons have high enagies. /^^l^^a ,hlck) auuular semiconductOT junction detector. 
e.g. 10 keV or more. Unfortunately, these high energy «o ^ -ino-objcctive lens unit also comprises a focusing 

declrons can degrade or damage the siunple surfa^ jmd j^^"^ having a smaU aperturtt. foUowed by afimJ 

cause increased proximity effect. In addiaoo. *e conven- ff^ ^^^^ positioned less than a miUuueter above 

tional high energy SEMs can cause c«»si<l«aWe sam^ K ^^^^ .Iso has a voy smaU 

charging whidi can distort the beam path. Due to these --_^u™rfiwhidi*6 primary beam passes, m 
prS. the convenUonal SEM is not suiuble for many « fjf^^^^^^eld at aTSc potential such that « 

desirable appUcations sudi as the exammation of ultiathin B and lowers the 

insulating films, semiconductor inspection, testing, wd ^^^^„^'^'^^gy ,0 less than 200 eV (preferably 100 eV 

appUcations where the sample Is fragUe or can not De ^ retarding field technique provides the systwn 

damaged. ^th a low aberration. The detector is integrated with the 

Due to the problems associated with high voltage primary so electrode on the side facing the sample. Because 

beams, retarding field techniques have been expired as a positioned within a few millimeters of the 

way to decrease the beam Unding energy on the san^le. ^^^^^ secondary electron detection 

Low landing energies have several advantages: low range in ^ Moreover, the retarding field configuration allows 

the sample, low levd of damage to and heating of the acceleration of the secondary electrons onto the junction 

sample, reduced diarging of bulk insuUting samples, and 33 ^5 dramatically improving current gain, 

reduced proximity effect. In one variation of the retarding ^ positioned at most 3 mm from flie sample 

field tedinique. electrostatic potentials are appU^ at objec- „,arding electrode is positioned at most 200 microns 

tive lens 30 to reduce the energy of dectrcjns *^ P?n^ j^. a preferred embodiinent. the detector is 

beam prior to thdr impact on the sample. Although Ous ^^^^ 2 mm from the sample, the retarding elec- 

tcchoiqucaUows beam landing energies m some systems to so j;^ . ^^iyo.i mm from the sample, the aperture 

be reduced to 500 eV. these lower energy systems generaUy ^ ^-vy^ ^^^^ ^^^^^ ^ diameter and Ae 

suffer from aberration, low beam brightness, and inaMsed ,-_ture of the retarding electrode is less than 200 microns 

charge effects. Moreover, because the retarding fidds ^^JIS^^T^ru^^^^ of the integrated electrode/ 

-L^y-d^TnsiLi^^^^r^^^ « 

reSe^-Se'T^^So^S^^^^ diS^'an^ma^e secondary electron ooUection. For a 
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landing energy of 100 eV, the m i nim u m beam diameter is lens 24, a spray aperture 26, scanning coiis 28. objective lens 

about 10 nm at 96 ^m working distance when the beam 50. and objective ^jcrturc 32. In contrast to the conventional 

energy spread is 0.1 cV. About 50% of secondary electrons systems, however, the present electron beam system furthcx 

can be collected by the compact juoctioa detector. The comprises a micro-lcns unit 46 into which the primary beam 

junction detector and focusing lens are micro-machined as a 5 passes prior to impacting the sample 51, which is contained 

single integrated unit. The depiction region extends from within the unit 46. After passing into lens unit 46, the 

0.25 to 5 at zero bias. primary beam, which now has a reduced energy on the crder 

Because existing electron beam systems may be easUy impacts the sample 34. The SEM performs 

modified to contain the lens-detector components of the scanning, astigmatism correction and focus adjustment. The 

present invention, a low cnci^ electron beam system is w movable objective aperture of the SEM is used to adjust the 

therefore provided at minimal cost convergence angle of the beam. 

FIGS. 4 and 5 detail the micro- lens unit 46 which com- 

DESCRIPTION OF THE FIGURES P^ses a focusing electrode 48, and a retarding electrode SO 

--^ . ^. . . r . . made of molybdenum The 10 keV primary beam 22 passes 

nin^deL"';^^^ through a central aperture of the focSel^ctrod^ 

ning electron microscope system. ground potential, then through an ^erturc of retarding 

no. 2 is a graph iUustrating die secondary electron yield electrode 50. which is held at a potential of -9,9 kV, thereby 

for different primary beam energies. reducing the energy of the primary beam to 100 e V Retard- 

FIG. 3 is a cross-secdonal view of a low voltage electron ing electrode 50 is may be attached by a 100 \an thick spacCT 

beam system according to the present invention. 20 surface of sample 34. The ^acer is made of a 

FIG. 4 is a cross-sectional view detailing a micro-lens unit conductive material and is designed to maintain an cquipo- 

contained in the system of FIG. 3, tential between the retarding electrode and the sample. 

FIG. 5 is a cross-sectional view of a portion of the unit of ^''^^ minimising the electric field distortions at the 

FIG. 4. showing in dctaU the trajectories of primary and '"^l^, Preferably, the sample is attached to a 

secondary electrons. The diameter erf the detectXH- aperture is ^5 "movable micro-stegc 51 which holds the sample at an 

20 ^m and the emission angle of secondary electrons is 20 c<l«;P?<«ntial with the retarding electrode and permits con- 

d^g^s trolled lateral movement of the sample bcncadi the retarding 

. retarding electrode by a spacer. Electrons transmitted 

FIG. 6B is a graph of minimimi beam diameter and its through the grid arc detected using abottom silicon d^ector 
con^KMicnts vs. landing energy of the primary beam 35 54 positioned beneath the grid. <Thc micro-stage 51 is 

FIG. 7 is a graph of components of beam diameter from naturally taken out for this procedure.) Hie lens assembly is 

spherical aberration, chromatic abeiration. and diffraction. electrically isolated from the SEM stage and shielded to the 

The landing energy is 100 eV and energy spread is 0.1 eV. outside ground to prevent high voltage hazard and to reduce 

FIG. 8 is a grajA) showing the range of emission angles of ^^^y electromagnetic field in SEM chamber, 
secondary electrons which will assure ttieir reaching the 40 Aflar passing through the retarding electrode, the low 

active area on the detector surface. energy beam 22 impacts the sample 34. producing secondary 

FIG. 9 is a graph of con^ted energy density distribution electrons 38. some ctf which travel through retarding elec- 

in a sOicon detector of the invention. The ena-gics of toward ground eleOrodc 48. An annular semicon- 

incident electrons are 10. 15. and 20 kcV, ductor junction detector 58 for detecting secondary electrons 

FIGS. lOA-lOE illustrate the processing sequence for a ^ Z**^^??^ ? ^^^'^ ^'^^ electrode 48. The 

detector in accordance with tiie present invention. retardmg field both lowers aberration of the objective lens 

prr 11 ;< » ««»,k m a^^^^ « • -a . accelerates the secondary electrons to improve die 

riu. 11 IS a grapn 01 detector current gam vs. mcident oii- c ^ ^ ^ . 

electron cncrev 1^ ^ ^ detection. FIG. 5 details the padi of the primary beam 22 

irrr'o through the focusing electrode 48 and through retarding 

HGS. 12A and 12B show the first and second mask 50 electrode 50. The figure also shows fee paths of secondary 

^rT^^"^^^^ ^^ "^^^ ^ processing sU^s shown in electrons 38 fi^m the sanq)lc 34 through the retarding 

FIGS. lOA-lOE. electrode 50 and to the detector 58. The three secondary 

DETAILED DESCRIPTION electron trajectories shown are for secondary electron ener- 
gies of 2 eV, 5 eV, and 10 eV. As indicated in the figure, the 

Although die following detailed description contains 33 overall length of the lens is less than 4 mm. The bore 

many specifics for the purposes of illustration, anyone of diameter of the aperture in the retarding lens is 100 jmL 

ordinary skiU in the art will appreciate that many variations A special setup was used to aUgn the retarding aperture 

and alterations to the following details are within the scope and the detector aperture, where each of the clecnrodes is 

of the mvcntion. Accordingly, the foUowing preferred fixed to a set of high predsJon micrometers. First the two 

embodmient of the invention is set forth without any loss of eo electrodes arc biou^t together and made parallel to each 

generaHty to. and without imposing limitations upon, the other. Then a laser beam is irradiated normaUy to die 

claimed invention. electrodes. A sensitive power meter is used to detect the Ught 

An electron beam system according to die present inven- going through both ^>ertures. The intensity is at maximum 

tion is shown in FIG. 3. As in die conventional SEM of FIG. when the apertures arc centered on the same ajcis. The 

1, an electron gun 20 emits a high energy (10 keV) primary 65 accuracy of this alignment method, which is less than 1 fim, 

electron beam 22. preferably with a small energy spread, is limited by the noise of the laser and detector. Using 

which then passes along a beam axis through a condenser simulation techniques, the effects of 1 }mi misalignment of 
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the two apertures can be estimatecL For 100 eV landiDg 
^erffi^ thVbcam broadening is 0.6 am, which is much 
smaUcT than the iniminiim beam diameter. 

The lens may be tested in a custom electron optical test 
bench to check for aperture misaUgnment and electnc teeak- 
dowD. Because of the high voltage between the ^und and 
retarding electrodes, any arcing not only destroys the silicon 
detector, but also may damage the instrument fonnected to 
the output of the detector. To reduce this nsk, a 10 MU 
resistor is inserted in the high voltage feedthrough to Umit 
the current during an electric breakdown. A preamplifier 
may be used ai the output of the detector to protect subse- 
quent instruments. In addition, the preamplifier prwdes a 
^cni gain of about 1000. The signal is further amplAed by 
a iransconductance amplifier. Then it is fed into cither the 
SEM video input for imaging or an oscilloscope for signal 
analysis. The gain of Ae preamplifier can be varied to adjust 
the contrast of the image; whUe the brightness of the image 
is adjusted by current suppression controls. 

Using known con^utcr modeling techniques, the system 
is designed to achieve smaU primaiy beam diameter, large 
secondary electron collecdon efficiency, and smaU electnc 
field at the sample. The spherical and chromatic aberrations 
coefficients (C, and C,) may be calculated using known 
algorithms which arc suitable for retarding systems. For a 
m urn working distance between the sample and the 
retarding electrode, the spherical and chromatic aberration 
coefficients are 0.229 mm and 0.098 nam, respectively. They 
change very UtUc when the bote diameter of the dctcrtor 
aperture varies from 2 to 200 Mm and are dominated by the 

rantributions of tiie retarding field. Consequently, the 
ture size on the detector may be designed to optimize the 
convergence angle of the beam at sample surface for muu- 
mum beam diameter. 

The spacing (L) between the ground electrode and retard- 
ing electrode is set to 2 mm because whUc C and C, 
decrease with smaUcr L. the design is subje«ed to the 
maximum practical electric field in vacuum (about 10^ 
V/cm) The bore diameter of the retarding ^>erture (d^) is 
chosen to be 100 pm. A smaller d« gives a smaUcr surface 
field, and smaUer C, and however the SE coUection rate 
and the field of view decrease. C, and C, increase rapidly 
when the thickness of the retarding electrode (t«) goes below 
30 urn. Above this value, C, and diangc slowly, but 
increasing t„ reduces the working distance and SE coUec- 
tion So to is set to 50 Mm. The diameter of the aperture m 
the detector (d^) is 20 pm. If d« is too smaU, the incident 
nrimary beam is blocked; if it is too large, more SEs will 
escape from the aperture in the detector. The worlang 
dlstiice (WD) is set to 100 pm. A smaUer WD gives smaUcr 
C and C larger SE coUcction, and larger field of view; 
however, 5ie field on surface increases and sample handling 
is more difficult due to reduced clearance. 

The beam diameter (D^,) at zero current density is 
conservatively estimated by 


(I) 


Where a is the seraiconvcrgcncc angle at the sample surface 
and AV is the energy spread of the beam, assumed to be 1 
eV The three terms of the equation account for sphencal 
aberration, chromatic aberration, and diffraction, respec- 
tively Because of the low landing energy (i-e. on tiie order 
of 100 eV), diffi-action and chromatic components dominate 
when AV is above 0.1 V, and the beam diameter decreases 
with decreasing energy spread, as shown in FIG. 5. Thus 


high resolution requires a low energy sprcad electron swuw 
20 (FIG. 3) such as a negative election affimty cathode. 
Wn AV is less than 0.1 eV (and V=100 V). the contnbu- 
tion from chromatic aberration is less than that from sphoi- 
cal aberration or diffraction irrespective of <^oiiyc^ciLC^ 
anisle, as shown in FIG. 6A. The beam diameter is 6.5 nni 
when a is 28.5 mrad. The size of «\«=t^o° s^"«*^J^,f?] 
accounted for in Eq. (1). If we assume it can be <*c;^g^^^ 
to the same value (6.5 nm), the total beam diameter should 
be less than 10 nm for 5 pA probe current at a beam 
brightness of 10^ A/cm'/sr. ^ • i h ^hrnmaiic 

For 100 eV landing energy, the spherical and chromatic 
aberration coefficients arc 0.229 mm and 0-098 mm rcspec- 
tivelv The minimum beam diameter is 17.2 nm at me 
opSUT^nTe^nce^^^ 

commonly defined as the resolution divided by beain 
se^le. is 1.4 ^m, Difeaction and chromatic abc^ation 
coiB^ents dominate when landing energy l^smaU" than 
500 dV and the beam diameter increases rapidly at lower 
ianding energies. SmaUer beam diameter can be achieved 
with a low energy si^d electron source such as a negative 
electron affinity cathode. When the landing energy is above 
500 cV. the contribution from spherical abeiration increases 
with landing energy and evenmaUy becomes more than that 
from chromatic aberration at about 800 cV. 

With the additional retarding aperture the electnc field on 
the sample surface faUs off rapidly with tiie increase of 
workiBTdistance. For the design of 100 eV landing energy 
and 100 ^m working distance, the on-axis field on the 
sample sinSce is about 1.5x10- V/m. whid, is more than 
vw7ardm of magnitude smaUcr than the field m the 
retarding region (5x10* V/m). The surface field at off-axis 
positions is even smaUer. Thus the sample is much less Iflcdy 
to be damaged by the electric field. Also, because of me 
smaU surface field, the electron optical performance of toe 
retarding lens is less affected by the surface topography of 
the sample. In ttie traditional design, tiie field distortion due 
to 1 um surface features causes the off-axis beam to teoaden 
aboutl.4 nm and the landing position shift about 43 am. 
When the retarding aperture is used, the beam broadening is 
0 7 nm and the shift of landing position is very smaU (0.04 
nm). Thus image distwtion due to surface topography is 
much less in the present design, even though the effects to 
the resolution are small in both cases. 

The trajectories of primary and secondary electrons are 
shown in FIG. 5. For the above design that yields optimum 
resolution, the resulting primary beam limiting apcrnire on 
the detector is about 20 jun in diameter. A secondary electron 
emitted from the sample surface wiU be coUected by tiie 
detector if its emission angle is witiiin a catam range, 
depending on its imtial kinetic energy. Above the maximum 
angle, the electrons arc intercepted by tiie retarding 
electrode, while below tiic minimum angle, tiic clecttons 
pass tiirough the aperture in tiic detector and arc not 
coUected, ^ shown in HG. 8. For example, secondary 
electrons of Initial energies less tiian 15 cV and am«ioD 
angles between 1 degree and 30 degrees wiU be foUected 
FcTa cosine distribution of emission angles we estimate tiiat 
for most materials at least $0% of the secondary electrons 
will land on the active detector surface. 

Thc integrated Icns/dctcctor was fabricated usmg sihcon 
micro-machining techniques. Because the low energy sec- 
ondary electrons arc accdcratcd onto tiie dclcctcar. wc can 
avoid tiie use of a surface junction metal-semicoaductw- 
metal detector witti its associated hig^i leakage current and 
use instead a high quality semiconductor jvn juncaon. The 
detector used in tiie present system is particularly compact 
and is ^dally fabricated as an integral pan of tiie primary 
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electron beam lens. The processing has been optiiuized to inH>lantation to create a layer 68. The top patterning is 
minimize dcadlaycr. The detector has an area of 0.8 mm^ pcrfanrued by active area Uthograi*y using a first mask 
with a center bore 20 jim in diameter. The top surface contact (FIG. 12A) as before. Then a wet etch is used to remove the 
is a thin layer of aluminuBL This layer also acts as a mask oxide from the patterned area on the top and back, and the 
for silicon dry etch. The drawback of using a p"^n diode is the 5 resist is stripped. The implantation is performed with a 32 
deadlayer induced by the neutral p'^ region- To make the j^y beam energy to deliver a dose of 10^* cm~^. Also 
dcadlaycr suitably thin (0^5 Mm), wc used low energy BFj included in this step is a BTA for 10 s at 1000 C. 
implantation and rapid thexmal annealing (KTA). The detec- pjQ sbo^s the result of the next sxcp which includes 
tor's active area is determined by the ^ead of the secondary deposition of a 30 nm thick aluminum layer 7# on top of 
electrons inddeni on the surface, whidi is within a 250 Mm layers 64 and 68 using e-beam-evj^xjration. Lithography of 
radius. While wc could use a larger area to cc^ct electrons aluminum Uycr 70 is also performed in this step using 

landing further from the axis, the extra ac&vc device area ^ ^ coffcsponding wet etch 

would result in extra capadtaiice, which «Jvffsely affects ^ ^^.^ 3^ ^ a bore and create the top 

the bandwidth and ^.^^^-^.^^^^f^.^^^ contict After the resist is stripped, a 300 nm thickTiW Uyer 

active area of the detector is fabricated to be electncaUy spuocred onto the boaom of substrate 60 to create the 

isolated by a narrow insulating region from the focusing *J ^""^reu uuwwiu 

electrode This isolation helps to minimize detector capaci- oacKsioe conucL ^ , . * i. 

^^d ^ease robustn^s against accidental ardnr ^^^^ the last step is a cfry etc^ usmg 

Wc use a highly doped n-typc siUcon substrate for small RIE with the alummum layer 70 as a tnask dirough layers 
scries resistance witha UghUro-iypc epitaxial layer. The 72, 60, 62. and 68 to create an aperture 74. The device may 
layer* s thickness and doping concentration are determined 20 then be cut with a wafcrsaw and tested. ^ 
by the desired depletion width of the p-n junction. Prom the The 15-Mnx-thick silicon membrane of area about l^mra 
computed distribution of electron energy d^sited in the is strong enough to survive vacuum chucking ( 10 -10 I^). 
detector, as shown in FIG. 9, we can see that the depletion When the detector is immersed in the retarding field of the 
region needs to be 1.5 jmi deep for 10 keV electrons, and 4,5 micro-column, the pressure acting on its surface by the stauc 
iim for 20 keV electrons. Therefore we chose the <^itaxy 25 electric field (5x10* V/m) is about 110 Pa. Thus the silicon 
layer to be 5 urn thick with 10** cm"' doping concentration. membrane can easily survive the ^licd electnc field. The 
The region is made by BFj implantation at 32 keV and silicon micro-machined ^>ertures fabricated in this way 
dose erf 10** cm-'. foUowed by iOA at 1000 C. for 10 s. The have much better quality in terms of surface flatness and 
dopant profile is obtained using SUPREM3 simulation. The edge roughness than do electron beam apertures that are now 
resulting depletion region is also shown in FIG. 9, and at 30 conamcrdally available. 

zero bias extends fi-<Hn a depth oi 0.25 to 3.54 Mm. The The performance of the detector may be tested by mea- 
maximum transit time t for the carriers to traverse the sming the current induced by electron bombardment at 
depletion region is estimated to be 1.85 ns under zero bias different energies, both biased and unbiased. As shown xn 
conditions and even less when biased. The junction capsd- FIG. U, the current gain is 2010 at 10 keV and 1.8 oA 
tancc is calcuUtcd to be 110 pE Depending on the value of 35 incident current, irrespective of bias. At 20 keV, the gain is 
scries resistance, either RC deUy or the transit time will 4680, which is abnost double that obtained with other 
limit the bandwidth of the detector. known techniques. Thus a primary current of 10 pA will 

The major processing steps in fabricating die detector 58 yield a diode current of 10 nA, assummg approxunatcly 
arc illustrated in nOS. lOA-lOE. The jHocess begins with unity secondary electron coefficient at 100 eV. This is 
a 300 Mm thick double-sided poUshedslUconn'' substrate 60 40 sufficient to aUow low noise amplification using weU known 
having a <100> orientation and a phosphcwus doping con- external circuitry. 

centration of about 2x10'' cm-^ As shown in FIG. lOA, a There are many appUcations of die prcscnl invenuon m 
3 to 5 urn thick t^itaxial n" layer 62 with a doping research and industry. Low energy electron beams have 
concentration of 10" cm"^ is then grown upon the substrate. appUcations in semiconductor nianufacturing for wafer and 

The next step includes field oxidation on both sides to 45 mask inspection because of their low level of damage to the 
create a 0.5 jmi thick SiO^ Uycr 64 on top of tht n" layer 62, sample, and the reduced diarging effects when the electron 
and another 0.5 \im thick SiO^ Uyex 66 under the n* layer 60, energy is dose to E„ where secondary electron yield is umty 
as shown in FIG, leB. The wet oxidation is performed at Also, due to the short interaction range of the electrons with 
UOO C for 45 min. and the oxide thickness measured using the sample and the reduced proximity effect, electron beams 
^^Qsp^ 50 with even lower energies are attractive for a variety of other 

Next the front side is coated widi tiiick resist. This step applications such as thin film microscopy, surface studies 
includes a singe in an oven at 150 C. for 30 rain., foUowed and Uthography ^ ^ . k- 

bv a SDin cast resist at 2000 ipm fa 20 sec., and a post bake Some variations in the design described above may !>c 
at 150 C, for 20 min, attractive; these include the use 20 kcV acceleratmg 

The backside oxide layer 66 is then patterned and etched 35 potential, the use of a spUt-ficld detector, and the inctapo- 
in a central region to 15 jmi. as shown in HQ. 1«B. The ration of in situ amplifying circuitry, 
patterning step includes a resist coat and spin case at 2000 It wiU be clear to one skilled in tiie ait that the above 
rom for 20 sec., a prcbakc at 90 C. for 25 min., a resist embodiment may be altered in many ways without departing 
exposure using a first mask (FIG. 12A), a development in from the scope of the invention. For example, using known 
MF-319for80scc.,andapostbakeatllOCf<»25min.The 60 techniques together with the principles of die present 
etch step includes soaking in DI water for 15 sec, an oxide teaching, the particular dimensions, voltages, and matcxials 
etch for 15 min.. and stripping the resist using EMT-13flT may be varied to suit the needs of various appUcaUons. 
solution. Then the substrate is etched from the back side Accordingly, the scope of the invention should be detex- 
using TMAH 25 wt % at 90 C. to make a 10 to 20 ^m thick mined by the foUowing claims and their legal cqmvalents. 
membrane in the central region. 65 What is claimed is: 

The next step, the result of which is shown in FIG. IOC. 1. An electron beam system comprising an electron source 
includes a pattern of the top oxide layer 64 and a BF^ ad^ted to produce a primary electron beam directed along 
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an axis toward a material sample; and a lens uoit positioned 
along the beam axis, wherein the lens unit comprises: 

an annular semiconductor juncdoii detector positioned on 
the axis less than 3 mm from fee san:^)lc; 

and 

a retarding electrode positioned on the axis between the 
detected and the sample at a distance less than 200 
microns from the sample, and wherein the retarding 
electrode is held at an electric potential adapted to 
reduce electron energies of the primary electron beam 
to less than 200 eV. 

2. The system of claim 1 wherein the retarding electrode 
has a retarding aperture less than 500 microns in diameter. 

3. The system of claim 1 wherein the detector has a 
thickness less than 500 microns and a focusing aperture with 
a diameter less than 200 microns, 

4. The system of claim 3 wherein the lens unit further 
comprises a micronuchincd focusing electrode integrated 
with the detector. 

5. The system of claim 4 wherein the Integrated electrode 
and detector have a combined thickness of less than 50 
microns at an edge of the focusing aperture. 

6. The system of claim 4 wherein the detector is electri- 
cally isolated from the focusing electrode. 

7. A method for low-voltage electron microscopy com- 
prising: 
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producing a primary electron beam directed along an axis 

toward a material sample; 
passing the beam through an aperture of an annular 
semiconductor junction detector positioned less than 3 
^ ram from the sample; 

passing the beam through an aperture of a retarding 
electrode positioned between the detector and the 
sample at a distance less than 200 microns from the 
10 sample, thereby decreasing electron energies of the 
primary electron beam to less than 200 eV; and 
detecting with the detector secondary electrons emitted 
from the sample and passed through the ^rturc of the 
retarding electrode. 
15 8. The method of claim 7 wherein the aperture of the 
retarding electrode is less than 500 microns in diamcter. 

9. The method of daim 7 wherein the detected has a 
thickness less than 500 microns and the aperture of the 
detector has a diameter less than 200 noicrons. 
^ 10. The method of claim 9 wherein the detector is a 
micromachined device integrated with a focusing electrode. 

11. The method of claim 10 wherein the integrated 
electrode and detector have a combined thickness of less 
than 50 microns at an edge of the aperture of. 

* » m * * 
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